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Recent  invest igat ions have r evea led  a high density of opiate r e c e p t o r s  and a high concentrat ion of enkeph-  
al ins  in bra in  s t ruc tu r e s  concerned with the cen t ra l  regula t ion of the hemodynamics  [6, 16]. The ro le  of  
endogenous opioid r egu la to r s  in the control  of the ca rd iovascu l a r  s y s t e m  has v i r tual ly  not been invest igated.  
Iso la ted  obse rva t ions  [7, 13] have been made  on anes the t ized  an imals ,  although anes the t ics  a re  known to 
modify  the p r o c e s s e s  of  cen t ra l  regulat ion of the hemodynamics  cons iderab ly  [3], and pa r t  of the anesthet ic  
effect  is  med ia ted  through an opiate  mechan i sm and is abolished by naloxone [4]. 

The aim of the present investigation was to aualyze the hemodynamie effects of leu- and met-enkephalins 
in unanesthetized animals. The structure of baroreceptor reflexes and responses of the cardiovascular system 
to stimulation of hypothalamic emotiogenie zones was assessed. 

E X P E R I M E N T A L  ME T H O D  

E xpe rhnen t s  were  c a r r i e d  out on eight unanesthet ized ca ts  under  f r ee  behavior  condit ions.  Aor t i c  and 
venous ca the te r s  were  introduced into the an imals  3-5 days before  the beginning of the expe r imen t s ,  and a 
cannula was introduced into the fourth ven t r ic le  with coordinates  P =11, L = 0, H =--5. Monopolar  n ichrome 
e lec t rodes  150 ~ in d i ame te r  were  introduced with coordina tes  A = 11-14, L = 1-1.5, and H b e t w e e n -  5 and 
+ 3. In the cou r se  of  the expe r imen t  the a r t e r i a l  blood p r e s s u r e  (BP) was m e a s u r e d  on an E M T - 3 4  e l e c t r o -  
m a n o m e t e r  (from E l e m a ,  Sweden), the signal  f rom which was led to an integrat ing RC c i rcu i t  with t ime  con-  
s tant  of 2 sec ,  and f rom it  to an Shchl413 digital vo l tme te r .  Momen ta ry  values of the hear t  r a t e  (HR) were  
de te rmined  by a digital pu l so tachomete r ,  t r i g g e r e d  by the pulse wave of  BP.  To r e c o r d  m o t o r  act ivi ty  the 
an imal  was p laced on the p la t fo rm of a s t r a in  gauge with four  semiconduc tor  Yu-12A t ensome t r i c  r e s i s t o r s .  
The b a r o r e c e p t o r  r e f l ex  was tes ted  by intravenous injection of phenylephrine at the r a t e  of 40 ~ g / k g / m i n .  
The sens i t iv i ty  of the r e f l ex  was de te rmined  as  the ra t io  of the i nc r ea se  in the in te r sys to l ic  in terval  in m i l l i -  
seconds to the i nc rea se  in the sys to l ic  BP in m m  Hg. The p a r a m e t e r s  of  hypothalamic s t imulat ion were  100 
Hz, 2 m s e c ,  2-6 V, for  10 sec.  All p a r a m e t e r s  obtained in analog fo rm were  r eco rded  on the Mingograph-81 
and in digital fo rm on a type 3512 {East Germany)  digital p r in te r .  

Met -  and leu-enkephal ins  synthesized in the l a b o r a t o r y  of peptide synthes is ,  All-Union Cardiologic  Sc i -  
entific Cen te r ,  Academ y  of Medical  Sc iences  of  the USSR, were  d issolved in s t e r i l e  physiological  sal ine in a 
concentra t ion of 100-200 #g  (volume of  fluid injected 100-200 #1) by means  of a m i e r o s y r i n g e .  Opiate r e -  
cep to rs  were  blocked with naloxone (from E ndo Labora to r i e s )  injected in t r ac i s t e rna l ly  in doses  of  50 to 100 
#g .  

EXPERIMENTAL R E S U L T S  

Inject ion of m e t -  and leu-enkephal ins  in a dose of 100 # g  into the fourth vent r ic le  caused  t r ans i en t  h y p e r -  
tension and t achyca rd ia  a f t e r  10-15 sec .  BP re tu rned  to no rma l  a f t e r  1-2 rain but HR fell  (Fig. 1, 2). BP 15- 
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Fig. 1. Effect of intracisternal injection of 100 #g 
leu-enkephalin on hemodynarnic indices and barore- 
ceptor reflex in an unanesthetized oat. I) Control 
injection of I00 #l physiological saline; 2) effect of 
injection of leu-enkephaIin, arrows indicate periods 
of vomiting; 3, 4) effect of injection of phenylephrine, 
40 ~g/kg, before and 10 rain after intraeisternal in- 
jection of leu-enkephalin respectively. From top to 
bottom: t ime  m a r k e r  1 sec ,  m o t o r  act ivi ty,  HR, BP,  
m a r k e r  of injection of drugs.  

20 rnin a f t e r  injection of the enkephalines was 102 �9 4.5% and HR 87 * 3.4% re la t ive  to the initial level .  Control  
injection of 100 g l  of  s t e r i l e  physiological  sal ine (in both exper iments )  caused no change in the hemodynamics  
(Fig. 1, 1). In t r ac i s t e rna l  injection of 100 pg naloxone comple te ly  abolished the effect  of the enkephalin, con-  
f i rming that  the r e sponses  of  BP and HR obse rved  a r e  connected with act ivat ion of b ra in - s te rn  opiate r e c e p -  
t o r s .  Unlike in exper imen t s  on anesthet ized animals ,  in which in t r ae i s t e rna l  injection of opiate peptides o r  
narco t ic  ana lges ics  gave r i s e  to hypotension [7, 8, 12, 13], in the p resen t  exper iments  BP did not fall  a f te r  
i~jection of the enkephalins. 

Testing the cardiac component of the baroreceptor reflex before and after central administration of the 
enkephalins showed that they can inhibit the development of baroreilex bradycardia. For instance, whereas 
the sensitivity of the baroreflex before injection of leu-enkephalin was 6.7 rnsec/mm Hg, after leu-enkephalin 
it was only 1.7 rnsec/mrn Hg (Fig. I). Met-enkephalin was only just over half as effective, for it reduced the 
sensitivity of the baroreflex only from 5.38 to 2.34 msec/mm Hg. The lower activity of met-enkephalin than 
of leu-enkephalin when injected intracisternally was noted in [7]. It is an interesting fact that, in relation to 
their direct vasodilator action (on strips of the pial arteries) rnet-enkephalin is stronger than leu-enkephalin 
[i0]. The duration of inhibition of the baroreceptor reflex under the influence of enkephalins in the present 
experiment was 30-40 rain, a result which may be linked with the rapid inactivation of the enkephalins. This 
conclusion is confirmed by data [7] showing the long-lasting change in BP and HR following intracisternal 
injection of an analog of natural leu-enkephalin with the structure d-ala 2, d-leu ~, which is n~uch more resistant 
to the action of enkephalin-degrading enzymes [5]. 

The results of the present experiments with natural ligands of opiate receptors are in good agreement 
with those obtained by Freye and A rndt [8], who observed depression of the cardiac component of the bare- 
receptor reflex following perfusion of the fourth ventricle with fentanyl. 

It has recently been shown that the mediator secreted by primary baroreceptor afferents is evidently 
substance P [9]. It can be postulated that inhibition of the baroreeeptor reflex may be connected with inhibition 
of secretion of substance P by primary afferent endings of baroreceptor neurons as a result of their pre- 
synaptic inhibition by enkephalin-containing terminals. The basis for such interaction may be the axo-axonal 
synapses of enkephalin terminals on substance-P-ergic endings discovered in [14, 16]. The possibility that 
enkephalins may cause presynaptic inhibition has been demonstrated on a nerve-muscle preparation of the 
rat vns deferens [15]. The fact that the secretion of substance P is reduced by endorphins in the trigeminal 
nucleus of rats has been proved experimentally [Ii]. 

Considering the important role of the hypothalamns in the integration of somatoautonornic responses, 
the influence of met- and leu-enkephalins on hernodynarnin reflexes to stimulation of the ernotiogenic zones 
of the hypothalamus was studied. Leu-enkephalin increased the amplitude of the presser reflexes on average 
to 169 • 22% of the initial level. The greatest increase was observed in reflexes combined with responses of 
"rage" type. Met-enkephalin did not increase the amplitude of the presser reflex (Fig. 2). The facilitatory 
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Fig. 2. Changes in pressor reflexes evoked in the 
same animal by stimulation of the same hypothal- 
amie ~point~ under the influence of enkephalins. 
1) Before, 2) after intraeisternal injection of 100 
/~g leu-enkephalin. Parameters  of stimulation: 
100 Hz, 2 reset,  6 V; 3) before, 4) after intra- 
eisternal injection of 100 #g met-enkephalin. 
Parameters  of stimulation 100 ttz, 2 reset,  4 V. 
Experiment with met-enkephalin carried out 7 days 
after experiment with leu-enkephalin. From top 
to bottom: time marker  1 see, motor activity, HR, 
BP, marker  of stimulation. 

effect of leu-enkephalin on vascular reflexes to stimulation of the hypothalamus was discovered by the writers 
for the first tLme. Data on the effects of activators of brain-stem opiate receptors on vascular reflexes re- 
ported previously do not contradict the results of the present experiments. For instance, in experiments on 
unanesthetized decerebrate cats morphine and trirneperidine increased by 50-150% the amplitude of pressor 
reflexes to stimulation of different zones of the medulla [2]. The effect of the narcotic analgesics was exerted 
at the level of the medulla, for it was not manifested on pressor reflexes in spinal animals. 

Activation of opiate receptors at the level of the medulla in unanesthetized cats is thus accompanied 
by inhibition of the cardiac component of the baroreceptor reflex and by an increase in the amplitude of vascu- 

lar responses evoked by hypothalamic stimulation. This type of structure of autonomic reflex as is very 
characteristic for responses of "rage ~ type, in which pain sensitivity is depressed. The results confirm the 
hypothesis put forward previously that endogenous opiate peptides may participate in the integration of auto- 

nomic responses in affective states [i], 
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